Abstract. We report a rare case of ACTH-independent macronodular adrenal hyperplasia (AIMAH) with primary hyperparathyroidism (PHPT). A 57-year-old woman was admitted to our hospital for further examination of secondary hypertension and bilateral adrenal macrotumors. Midnight serum cortisol elevation with undetectable plasma ACTH, increased 24-hour urinary free cortisol excretion, and loss of the normal circadian rhythm in cortisol secretion established the diagnosis of Cushing's syndrome. Total resection of the enlarged left adrenal gland was performed with subsequent steroid replacement. Her general condition improved but serum calcium level increased 3 weeks after surgery. PHPT was diagnosed on the basis of endocrinological examination, although imaging studies failed to detect parathyroid lesion. In summary, we believe this to be the first report of a case of AIMAH with PHPT.
ACTH-independent bilateral macronodular adrenocortical hyperplasia (AIMAH) is a rare type of Cushing's syndrome in which massive bilateral enlargement of the adrenal glands, sometimes to a combined weight of more than 100 g, is observed [1, 2] . Excess cortisol secreted from the adrenal gland suppresses ACTH secretion from the pituitary gland to an undetectable level in the plasma [2] . The common treatment for AIMAH is bilateral adrenalectomy with subsequent steroid replacement [1, 3] . We performed unilateral adrenalectomy in a patient with AIMAH, and after surgery primary hyperparathyroidism (PHPT) became evident. This may suggest that PHPT was masked by the AIMAH-induced hypercortisolemia. We report here a case of AIMAH with PHPT.
Case Report
The patient was a 57-year-old woman who had been treated at a local clinic since 2000 for hypertension and bilateral adrenal tumors. She had undergone surgery for right renal stones in 1992, and at that time bilateral adrenal macrotumors were detected by computed tomography (CT). Although the patient had been given a calcium blocker and a diuretic, her blood pressure was uncontrollable. There was no family history of hypertension or endocrine disease. Beginning in December 2001, she suffered facial and leg edema with decreased serum T 3 and was referred to us. Her laboratory tests revealed a high serum cortisol level (23.1 mg/dl) and low plasma ACTH level (<5 pg/dl), therefore she was admitted to our hospital for further examination of sec-ondary hypertension and the adrenal macrotumors. Upon admission, her height was 153.3 cm, weight 63.5 kg, and blood pressure 162/102 mmHg. Ambulatory blood pressure monitoring showed that she had non-dipper type hypertension with mean blood pressure of 140/83 mmHg. She had clinical signs of Cushing's syndrome such as thinning of the skin, a slight buffalo hump, and slight central obesity. Routine laboratory tests upon admission revealed a high fasting plasma glucose level (151 mg/dl), and a normal serum calcium level (10.2 mg/dl) ( Table 1) . Endocrinological findings are shown in Table 2 . Serum cortisol was within normal limit but failed to be suppressed by low dose (2 mg) and high dose (8 mg) dexamethasone suppression, and lacked diurnal rhythm (Table 3-A) . ACTH failed to respond to corticotropin-releasing hormone (CRH) (100 mg/dl) administration (Table 3-B) . Abdominal ultrasonography, CT ( Fig. 1-A) , and magnetic resonance (MR) imaging showed bilaterally enlarged adrenal glands with multiple nodules. On the 19-norcholesterol showed prominent uptake of the tracer in the left adrenal gland compared with uptake of the tracer in the right adrenal gland ( Fig. 1-B) . The slightly low serum T 3 concentration observed in this patient was consistent with hypercortisolemia. Our clinical diagnosis was Cushing's syndrome induced by AIMAH. After being transferred to the urology department, the patient underwent total left adrenalectomy. She had to be operated by open surgery due to respiratory insufficiency in the prone position. Both adrenal glands were occupied by a yellow multinodular mass, and the left normal adrenal tissue was indistinguishable. The resected left adrenal gland weighed 75 g and measured 9.0 × 7.5 × 3.0 cm with well circumscribed nodules, 4.5 cm in diameter on the cut surface of the largest one, in cortex ( Fig. 2-A) . Histological examination revealed that nodules were composed of proliferation of adrenal cortical cells having small nuclei and clear and non-vacuolated cytoplasm in trabecular pattern or nests without atypism, which was consistent with hyperplasia of adrenal cortical cells ( Fig. 2-B) . Medulla was intact. These findings were consistent with AIMAH. One week after surgery, the patient developed pneumonia and pleuritis with right pleural effusion. She also had arthralgia, red papules on her face, and general malaise. Her serum cortisol level was low (3.2 mg/dl), and her plasma ACTH level was consistently below 5 pg/ml. We therefore prescribed cortisone acetate 50 mg per day. Approximately 3 weeks after the adrenalectomy, the patient's serum calcium level had risen to 12.1 mg/dl. Concurrent hypophosphatemia and parathyroid hormone (PTH) elevation were indicative of PHPT (Table  4) . We did not detect a parathyroid mass or adenoma with an ultrasonic generator or by thallium-technetium subtraction scintigraphy. Temporary fluid replacement prevented further increases in the serum calcium concentration. We decided against the need to do a carefull follow-up of her parathyroid state.
Several weeks after surgery, we again took an adrenal scintigraph with 131 I-labeled 6b-iodomethyl-19-norcholesterol while the patient was under a regimen of taking dexamethasone 2 mg per day, and it revealed uptake of the tracer in the right adrenal gland (Fig. 3) .
Discussion
AIMAH is a distinct subtype of Cushing's syndrome, reported first and established as a subtype in 1964 by Kirschner et al. [4] . The clinical characteristics are as follows: 1) male predominance and usually middle or advanced age; 2) autonomous cortisol secretion not suppressed by dexamethasone and accompanied by a low serum ACTH level; 3) observed ACTH responsiveness; 4) no pituitary abnormality; 5) marked enlargement of the adrenal glands with many large nodules and increased isotope uptake observed on adrenal scintigram; 6) remarkable proliferation of cells in the upper zona fasciculata of the adrenal cortex. One of the features of AIMAH is a disproportionate amount of cortisol secretion in comparison to the size of the mass [1] . In our patient, clinical and pathological findings were consistent with the typical features of AIMAH. Aiba et al. who investigated about 21 cases of AIMAH reported that interestingly in the half of cases of AIMAH the left adrenal glands were enlarged significantly to 150% or more in size than the right ones, while in the other cases the left one and the right one were about the same. Our case represented that of enlarged left adrenal gland and the left gland was larger by 360% than the right one in size [1] . Bilateral total adrenalectomy and steroid hormone replacement are standard treatments in most cases of Cushing's syndrome induced by AIMAH [1, 2, [5] [6] [7] [8] [9] [10] [11] . Subtotal adrenalectomy was recently performed in two cases in light of the unfavorable effects of total adrenalectomy [12, 13] . However, the reports describe patients mainly with preclinical Cushing's syndrome [12] . One report suggests that cortisol production in AIMAH is inefficient and that the cause of Cushing's syndrome may be related to the marked increase in the number of cells or to the bulk of the tumor [14] . The right adrenal gland was small and had very little uptake on adrenal scintigraphy in our case. Unfavorable effects, such as the necessity of life time replacement of glucocorticoids and the possibility of adrenal insufficiency, would result from bilateral total adrenalectomy. We therefore elected to resect only the left adrenal gland. We administered preemptive steroid therapy to prevent adrenal crisis. Little cortisol was secreted from the right adrenal gland, perhaps because cortisol secretion responded relatively little under the stress of infection. Unfortunately, 8 months after surgery, our patient still needs steroid replacement. But since the secretion ability of the right adrenal gland was confirmed by post surgical scintigraphy, we expect replacement therapy will not be necessary in the future. We base this expectation on a report stating that the size of both adrenal glands increased gradually, and that the serum cortisol level increased beyond normal range in a patient with preclinical Cushing's syndrome who was followed up for 7 years [14] . Future cortisol secretion of our patient will be interesting to observe in light of the pathophysiology of AIMAH.
It is of interest that hypercalcemia induced by PHPT was masked by hypercortisolemia in our case. The calcium concentration in blood was high normal before the adrenalectomy. Therefore, we did not pay attention to the patient's serum calcium level. After the adrenalectomy, we measured the serum calcium concentration, which was high, and the PTH elevation led to a diagnosis of PHPT. However, we could not determine the cause of the PHPT. The patient had had surgery in 1992 for right renal stones that were visible with computed tomography, so we surmised that she had contracted PHPT prior to 1992. Because she was over 50 years of age and had no severe renal failure, and her lumbar vertebra bone mineral density was within -2SD, parathyroidectomy was not performed. This is the first report of PHPT associated with AIMAH. Interestingly, when we reviewed 34 references for AIMAH, we found 47 out of 59 cases for which the patient's medical history is summarized; there were 5 patients with urinary stones [1, , hence urinary stones were associated with AIMAH in 10.6% of cases. In Cushing's syndrome, the prevalence was 16-19% in Europe and America, whereas the prevalence in Japan in 1976 was 3% [32] . Another group reported urinary stones associated with Cushing's syndrome in 22% (9/41) of cases [21] . There is no clear difference in the incidence of urinary stones between Cushing's syndrome and AIMAH. The stones might be caused by hypercortisolemia, but there might be PHPT involvement, as our case. We are unable to confirm the relation between AIMAH and PHPT. Some familial cases of AIMAH have also been described [31] . AIMAH thus may be considered a part of multiple endocrine neoplasia and have a hereditary component.
In this paper, we present an interesting case of AIMAH-induced Cushing's syndrome. We performed unilateral adrenalectomy in light of the unfavorable effects of total adrenalectomy. After adrenalectomy, masked hypercalcemia secondary to PHPT induced by hypercortisolemia due to AIMAH was revealed.
